Recent advances of ultrasound technology including 3D/4D sonography have revealed embryonal/fetal morphology, intrauterine vascularity and fetal behavior from early gestation. Modern 'sonoembryology' allows the definition of in vivo anatomy including visualization of dynamic features, which cannot be characterized in fixed specimens after embryonic death in embryology. Furthermore, recent highresolutional ultrasound technologies have remarkably approached accurate prenatal diagnoses with vivid and distinct sonographic depiction. Nowadays, the antenatal diagnosis is no longer 'maybe' nor ambiguous, owing to progressive 3D/4D ultrasound which have contributed to the field of embryology, fetal physiology and pathology.
INTRODUCTION
Definition of the normal anatomy of the human embryo is essential to assess embryonic development and growth as well as to identify and diagnose congenital anomalies in early pregnancy. A major limitation to define, noninvasively, human embryonic anatomy has been the resolution of the tools available. The term 'sonoembryology' was first coined in, 1990
1 after the introduction of high-frequency transvaginal transducers. Three-dimensional (3D) sonography performed with a transvaginal approach has expanded the depth of inquiry and allowed three-dimensional sonoembryology. 2 Owing to recent advances of 3D ultrasound technology, ultrasound detection of surface anatomy, organ orientation has rapidly improved its resolution and image quality.
RECENT ADVANCES OF 3D ULTRASONOGRAPHY
Recent advances of 3D/4D sonography have assessed not only structural but also functional early human development.
3
3D images of embryos were generated using the highfrequency transvaginal transducer (Voluson ® E8 with 12
MHz/256 element transvaginal transducer, GE Health care, Milwaukee, USA). Demonstration of an embryo of less than 10 mm (greatest length) has been difficult in the past and not visualized in detail. Figure 1 illustrates a 5.5 mm longembryo with its yolk sac at six weeks of gestation, with demonstration of the neural tube. During the early embryonic period, the central nervous system anatomy rapidly changes in appearance. 3D sonography using transvaginal sonography with high-resolution probes allows imaging of early structures in the embryonic brain. This can be accomplished through the use of three orthogonal planes, and "tomographic ultrasound imaging". Serial examinations allow obtaining similar sections of the fetal brain at different stages of development. Therefore, it is possible to document of fetal chest and abdomen at 13 weeks of gestation. Clear visualization of the lung-liver interface can be of value in the early diagnosis of thoraco-abdominal abnormalities, such as a diaphragmatic hernia. The detailed structure of small parts, for instance the lenses of eyeballs (Fig. 4) can be visualized by 3D orthogonal view. 3D ultrasound technology will contribute to demonstration of in utero pathological changes of congenital diseases arising in utero.
Color Doppler detection and assessment of brain vessels in the early fetus using a transvaginal approach was reported 4, 5 in 1993 and 1994. Clear visualization by transvaginal power Doppler of the common carotid arteries, internal and external carotid arteries, middle cerebral arteries at 12 weeks of gestation was reported in 1996. 6 By using 3D power Doppler technology, the vascular anatomy can now be imaged clearly by identification of the common carotid arteries, internal carotid arteries, circle of Willis and middle cerebral arteries. It is important to stress that such images can be obtained at 12 weeks of gestation.
Transvaginal high-resolution power Doppler can demonstrate the fine vascular structure of medullary vessels inside the fetal brain (Fig. 5) . The powerful technology of 3D ultrasound will promisingly uncover the veil of unknown etiology of congenital diseases in vivo.
PRENATAL DIAGNOSIS OF ANATOMICAL CONGENITAL ANOMALIES
The prenatal diagnosis of congenital anomalies with ultrasound is based upon identification of a substantial departure of normal anatomy. This has been possible in the second and third trimester of pregnancy, and this achievement has made the diagnosis of congenital anomalies one of the objectives of modern prenatal care.
Facial Anomalies
A facial anomaly can be associated with a central nervous system anomaly (e.g. holoprosencephaly, Figs 6 and 7), be an isolated finding, or part of a syndrome. Detection of the presence or abscence of a nasal bone has been found to be of value in the assessment of aneuploidy in the first trimester of pregnancy (risk assessment for trisomy 21) .7-11 Cicero and her colleagues reported that the nasal bone was absent Figure 10 demonstrates the slow jaw development during pregnancy in a case of Pierre-Robin sequence, detected by serial 3D ultrasound scans. Assessment of the facial features, chin development and mandibular size by 3D ultrasound in the second and third trimesters has been reported. 16 Facial abnormalities are often associated with craniosynostosis ( Fig. 11 ) due to deformed cranial structure. Cleft lip and palate is one of common congenital facial anomalies. Cleft lip occurs unilaterally (Fig. 12 ) or bilaterally ( Fig. 13 ). Recent 3D tomographic ultrasound can demonstrate anterior maxillary structure, indicating the 
BRAIN ANOMALIES
The brain structure should be understood as threedimensional structure. 17, 18 3D sonographic assessment of premature brain in the early pregnancy was reported from 1995. 19, 20 From 2000, fetal brain assessment in the second and third trimesters by 3D ultrasound was reported. 17, 18, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Recent advanced 3D ultrasound has enabled to assess detailed brain structure as an understandable organ. 3D ultrasound abilities, such as tomographic ultrasound imaging and three orthogonal view, Thus, accurate assessment of brain pathology can be done by 3D ultrasound. Cortical development of fetal brain can also be visualized by 3D surface imaging, demonstrating gyral and sulcal development and migration disorder which had been difficult to be detected during pregnancy, can be depicted by 3D ultrasound. 31 Figure 16 demonstrates the asymmetrical cortical development due to migration disorder by 2D ultrasound and 3D surface imaging. Thus, 3D ultrasound surface imaging is useful in objective assessment of brain surface. The cranial bone abnormality, seen in a case of encephalocele, can be also visualized by 3D ultrasound maximum mode imaging as shown in Figure 17 . 
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Vertebra and Spinal Cord Abnormalities
Spina bifida is the most common anomaly of the central nervous system. It is often detected during the second and third trimesters. However, the fundamental basis for this anomaly is a failure of the neural tube to close during early embryonic age. Most reports of the diagnosis of spina bifida in utero have occurred after 12 weeks of gestation. Blaas et al 32 reported an early diagnosis using 2D and 3D ultrasound before 10 weeks of gestation. Figure 18 shows the early diagnosis of spina bifida in a case of OEIS complex (omphalocele, bladder exstrophy, imperforate anus, spina bifida) at 9 weeks of gestation and Figure 19 demonstrates myelomeningocele at 20 weeks. The vertebral bony structure can be depicted by 3D ultrasound for better understanding the level of spina bifida. Vertebral scoliosis is often seen in cases of limb body wall complex (Fig. 20) Figure 24 shows fused vertebral bodies in a thoracic part seen in a case of trisomy 18 and Figure 25 shows the segmental spinal dysgenesis, characterized by focal agenesis or dysgenesis of the lumbar or thoracolumbar spine, with focal abnormality of the underlying spinal cord and nerve roots. 
Chest-abdominal Abnormalities
Congenital diaphragmatic hernia (CDH) occurs in 1 of every 2000-4000 live births and accounts for 8% of all major congenital anomalies. 34 There are three types of CDH; posterolateral or Bochdalek hernia (occurring at approximately 6 weeks' gestation), the anterior Morgagni hernia, and a hiatus hernia. The left-sided Bochdalek hernia occurs in approximately 90% of cases. Left-sided hernias allow herniation of both small and large bowel as well as intra-abdominal solid organs into the thoracic cavity. Early diagnosis of CDH in the first trimester has been reported.
35 Figure 26 shows the tomographic ultrasound imaging of Bochdalek hernia at 16 weeks. Early diagnosis of this defect is important for the option of fetal treatment. Congenital cystic adenomatoid malformation (CCAM, Fig. 27 ) is a benign mass of abnormal lung tissue, located usually on one section of the lung. This condition is caused by overgrowth of abnormal lung tissue that may form fluid filled cysts and have no function of normal lung tissue. Early diagnosis of CCAM by 3D ultrasound was reported. 36 Pleural effusion and ascites (Fig. 28 ) can be easy diagnosed by both 2D/3D ultrasound. In cases of pleural effusion, the lung is floated inside the fluid, whereas, in cases of pericardiac effusion, the lungs are oppressed to posterior potion of the chest (Fig. 29) . Umbilical hernia is often associated with chromosomal abnormality or other syndromic diseases. Figure 30 shows a huge umbilical hernia at 12 weeks.
RENAL AND URINARY ABNORMALITIES
Hydronephrosis (Fig. 31) occasionally occurs during pregnancy. The causes are vary, obstruction or stenosis of (Fig. 32) or others. Multicystic dysplastic kidney (MCDK) is a form of renal dysplasia characterized by the presence of multiple cysts of varying size in the kidney and the absence of a normal pelvocaliceal system. Fetal MCDK occasionally decreased its size during pregnancy and it is reported that MCDK size tends to decrease during the first 30 postnatal months.
37
Limb Abnormalities
Limb abnormalities can occur as isolated findings or as one component of a syndrome or sequence. However, only 5% of congenital hand anomalies occur as part of a recognized syndrome. 38 Figure 34 shows thin limbs with no other abnormalities in a case of triploidy. Figure 35 demonstrates 3D ultrasound images and postmortem pictures in a case of lethal pterygium syndrome. Pterygium is used to describe webbing of the skin across the joint. The term means "winglike". Limb pterygia at birth indicates an abnormal developmental process probably occurring in the first trimester and involving reduced mobility of the webbed limb. Prenatal diagnosis in the first trimester was reported.
39 Figure 36 shows unilateral forearm and thumb abnormality Limb abnormalities can occur as isolated findings or as one component of a syndrome or sequence. However, only 5% of congenital hand anomalies occur as part of a recognized syndrome. 38 Figure 34 shows thin limbs with no other abnormalities in a case of triploidy. Figure 35 demonstrates 3D ultrasound images and postmortem pictures in a case of lethal pterygium syndrome. Pterygium is used to describe webbing of the skin across the joint. The term means "wing-like". Limb pterygia at birth indicates an abnormal developmental process probably occurring in the first trimester and involving reduced mobility of the webbed limb. Prenatal diagnosis in the first trimester was reported. 39 Figure 36 shows unilateral forearm and thumb abnormality with no other abnormalities in a case of partial chromosomal abnormality. Figure 37 Figure 45 .
CONCLUSION
This article reviews and illustrates the power of highresolution 3D ultrasound in the definition of normal fetal anatomy as well as in the identification of congenital anomalies. The advances of 3D ultrasound in the last decade is remarkable and has contributed to the field of embryology, fetal physiology and pathology. Further researches by 3D ultrasound will bring more accurate and detailed prenatal diagnosis for better prenatal care.
